Vitamin D deficiency is a growing health problem in both the general population and in patients with chronic kidney disease (CKD). However, the relationship between serum 25-hydroxyvitamin D levels and health-related quality of life in CKD is not well established. This study examined the association between vitamin D deficiency and quality of life in pre-dialysis CKD patients. Serum 25-hydroxyvitamin D levels and the Korean version of the Kidney Disease Quality of Life short form were obtained for 1844 pre-dialysis CKD patients in the prospective KoreaN cohort Study for Outcomes in patients With Chronic Kidney Disease (KNOW-CKD). The baseline estimated glomerular filtration rate was 50.26 ± 0.71 mL/min/ 1.73 m 2 . We identified 1294 (70.2%) patients with vitamin D deficiency, defined as a 25-hydroxyvitamin D level < 20 ng/ml. The scores of the kidney disease component summary, physical component summary, and mental component summary in the vitamin D deficiency group were significantly lower compared to the scores of those without vitamin D deficiency. The serum 25-hydroxyvitamin D level was independently associated with the kidney disease component summary and mental component summary scores (β = 0.147, p = 0.003 and β = 0.151, p = 0.047). In conclusion, there was a significant association between serum 25-hydroxyvitamin D levels and kidney disease component summary and mental component summary scores in pre-dialysis CKD patients.
Introduction
Chronic kidney disease (CKD) is a major public health concern with rising prevalence. With advances in medicine, the life expectancy of CKD patients has been increasing, and a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 importantly, this has been paralleled by an improvement in patients' quality of life (QOL). QOL refers to the general well-being of individuals, and covers a wide range of contexts including healthcare, employment, and politics, among others. Health-Related Quality of Life (HRQOL) is a related concept that focuses on the effects of illness, and specifically on the impact that treatment may have on QOL. It can help us make out the distinction between aspects of life related to health. A number of definitions have been proposed to explain the concept of HRQOL, and it has now been generally accepted that HRQOL represents the positive and negative aspects of patients' symptoms, including emotional, social, cognitive functions, disease burden, and treatment side effects [1] .
Vitamin D deficiency is a growing health problem in both the general population and in patients with CKD [2, 3] . It is known to cause several problems, including depression, muscle ache and weakness, osteoporosis, periodontitis, and rickets, among others [4, 5] Some observational studies have identified an important relationship between vitamin D deficiency and decreased glomerular filtration rate (GFR) in patients with CKD [6, 7] . The crucial role of vitamin D in CKD extends beyond the classic effects on calcium and phosphorous homeostasis, and includes potential effects on extra-mineral metabolism, including the regulation of the immune system and of kidney function. Some studies have shown that vitamin D deficiency in hemodialysis patients results in the loss of muscle mass and strength [8, 9] . In addition, patients with vitamin D deficiency had lower self-reported levels of physical activity and HRQOL in end stage renal disease (ESRD) [10] . Interestingly, vitamin D plays an important role in the regulation of immune function [11, 12] , and its deficiency was related with an increased rate of infection. In fact, both infection and CKD-Mineral and Bone Disorders (MBD) affect the survival and hospitalization rates of patients with CKD, and vitamin D underlies both of these. Taken together, the studies described above suggest that vitamin D may affect HRQOL. However, this relationship has not been formally investigated in pre-dialysis patients. In this study, we analyzed the correlation between vitamin D deficiency and HRQOL in CKD patients.
Methods

Study population and ethic statement
We reviewed baseline data from the KoreaN Cohort Study for Outcome in Patients With Chronic Kidney Disease (KNOW-CKD), a nationwide prospective cohort study which included non-dialysis patients with stage 1-5 CKD. KNOW-CKD was launched when the research contract between "the Korea Centers for Disease Control and Prevention" and "Seoul National University Hospital" was established in Feb, 2011. The study protocol was approved by the ethical committee of each participating center. Each center started to enroll the patients after getting the ethical approvals of its own. The first patient was enrolled on June 30th, 2011 by Seoul National University Hospital (SNUH) after getting the ethical approval in May 2011 at SNUH. A total of 2238 patients were enrolled from June, 2011 to January, 2016. Data were collected by a well-trained study coordinator using a standardized case report form and protocol. The detailed design and methods of the KNOW-CKD study have been previously published [13] . All procedures performed in human participants were in accordance with the ethical standards of the institutional and national research committee at which the studies were conducted (IRB approval number CNUH-2011-092), and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study protocol was approved by the institutional review board at each participating clinical center. All participating patients provided written informed consent. For our analysis, we obtained information on serum vitamin D levels and quality of life for 1844 non-dialysis patients with CKD. [14] . Age, gender, eGFR, body mass index (BMI), work status, hemoglobin, nutritional factors (albumin and lipid profile), presence of metabolic syndrome, high sensitive C-reactive protein (hsCRP), serum 25-hydroxyvitamin D (25(OH)D), which is a surrogate marker for the vitamin D status of the body, serum parathyroid hormone (PTH), diabetes mellitus (DM), hypertension (HTN), education level and economic status were assessed in all patients. Economic status was classified by monthly income as 'Low' (< ₩ 1,500,000), 'Mid' (₩ 1,500,000~4,500,000), or 'High' (!₩ 4,500,000). Patients were divided into a control (vitamin D replete) and vitamin D deficiency group (serum 25(OH)D < 20 ng/ml). The Korean version 1.3 of Kidney Disease Quality of Life short form (KDQOL-SF) was used to evaluate HRQOL [15] . The KDQOL-SF is composed of a kidney disease component summary ( 
Data collection and survey instruments
Statistical analysis
Data were analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL, USA). We used frequency analysis to evaluate the prevalence of vitamin D deficiency. A chi-square test for categorical variables and a student t-test for continuous variables were used to survey the differences and to compare HRQOL scores between the two groups. We also used linear regression analysis to define variables related with each component summary score of KDQOL-SF. Then, stepwise multivariable linear regression analyses were performed to identify the independent risk factors associated with HRQOL. The only verified variables, which had statistical significance in univariate analysis, were used in multiple regression analysis. The following variables required adjustment: (1) KDCS and MCS; age, sex, eGFR, work status, diabetes mellitus, level of education, economic status, serum 25(OH)D, parathyroid hormone, hemoglobin, albumin, HDL-C (high density lipid-cholesterol) and hsCRP (2) PCS; age, sex, eGFR, work status, diabetes mellitus, level of education, economic status, serum 25(OH)D, parathyroid hormone, hemoglobin, albumin, HDL-C (high density lipid-cholesterol), hsCRP and waist circumference. Results are presented as mean ± standard error and P < 0.05 was considered statistically significant. Table 1 shows the baseline demographic characteristics of the study participants. A total of 1844 patients were included in the study, and their mean age was 50 years old. The majority of patients (1135, 61.6%) were male, and 612 patients (33.2%) had DM. Approximately one half (55.6%) of subjects were employed, and 42.5% had at least college-level education. The mean serum creatinine level was 1.83±0.03 mg/dl, and the mean eGFR calculated by the MDRD equation was 50.26±0.71 ml/min/1.73m 2 . There were 550 patients in the control group and 1294 patients in the vitamin D deficiency group. In both groups, the proportion of men was higher than that of women. The level of serum 25(OH)D was 26.51±0.29 ng/ml in the control group and 13.97±0.10 ng/ml in the vitamin D deficiency group. The mean age of the control and vitamin D deficiency groups was 55 and 52 years old, respectively. The prevalence of DM in the vitamin D deficiency group was higher than in the control group (29.5% vs. 34.9%). The eGFR was 50.50±1.21 ml/min/1.73m 2 in the control group, and 50.16±0.86 ml/min/1.73m 2 in the vitamin D deficiency group. The level of education did not show any difference between the two groups. There was a significant difference between groups with respect to the number of participants in the low and high The vitamin D deficiency group had lower scores in all HRQOL components. Work status, DM and the level of education were identified as important risk factors of all component summary scores. Also, serum albumin level significantly affected all composite summary scores. Economic status was only significant in univariate analysis. As expected, low income was related with lower HRQOL. Serum 25(OH)D level was an independent risk factor for KDCS & MCS (β = 0.147, p = 0.003 and β = 0.151, p = 0.047). There was no statistically significant relationship between serum 25(OH)D level and PCS in multiple regression analysis.
Results
Clinical characteristics
Vitamin D deficiency as an independent risk factor for impaired HRQOL
We surveyed the relationship between clinical variables and each component summary of KDQOL-SF: KDCS, PCS and MCS (Tables 3-5). We performed univariate and stepwise
Discussion
A quality of life assessment is critical to the holistic management of patients living with chronic diseases including CKD. Using data from the MDRD clinical trial, Rocco et al. [16] showed Serum 25(OH)D and health related quality of life in CKD patients that decreased GFR in CKD patients was correlated with impaired quality of life assessed by the SF-36 health survey. Since then, many other studies have confirmed that physical function and viability affected patients' quality of life, and that HRQOL was significantly reduced in ESRD patients when compared with the general population [17] [18] [19] . The KDQOL-SF consists of KDQOL instruments and generic SF-36 variables, and includes specific questions to assess symptom burden in dialysis patients. Although KDQOL-SF was originally developed to evaluate HRQOL in ESRD patients [20, 21] , recent studies have validated the use of this questionnaire for pre-dialysis patients, and have revealed reduced QOL scores for pre-dialysis patients compared with the general population [22, 23] . There is also a paper showing that HRQOL is a powerful predictor of hospitalization and mortality. Lowrie et al. demonstrated that each 1-point increase in PCS was associated with a 2% drop in the relative risk of death and hospitalization, each 1-point increase in MCS was associated with a 2% drop in the relative risk of death and a 1% drop in the relative risk of hospitalization [24] . In this context, we might speculate that even though small differences of QOL were associated with hospitalization and mortality, and may predict patient outcomes. In addition to a negative impact on HRQOL, it is well known that impaired GFR results in a decline in serum 25(OH)D levels in CKD patients. In this study, we showed that vitamin D deficient patients also have lower average HRQOL scores. The majority of HRQOL items which differed significantly between vitamin D deficient and control groups were KDCS, PCS and MCS. These items, which showed a difference between two groups, reflected the physical and mental burden of CKD, and were associated with physical or mental status such as working, daily life, well-being sense and mood.
Nevertheless, given that so many factors are associated with QOL (i.e. dietary habits, employment status, educational level, comorbid diseases, and a multitude of psychological variables), we performed multiple linear regression analysis with various variables, which were expected to relate with HRQOL, in order to verify the actual effect of serum 25(OH)D levels on HRQOL. In our study, The vitamin D deficiency group showed a lower score on all component summary scores. Regression analysis showed that serum 25(OH)D levels did not affect the PCS score, but did affect KDCS and MCS scores. It can be speculated that main component of PCS were associated with pain and activity, and the effect of other factors related to this part seems to be greater than that of vitamin D deficiency. This study has some limitations worth noting. First, although the KNOW-CKD study is planned as a prospective observational study, these results are from an initial cross-sectional study. Therefore, well-designed, large randomized controlled trials are necessary to define whether vitamin D supplementation may improve HRQOL in CKD patients. Second, as mentioned, there is no universally accepted method to evaluate HRQOL in pre-dialysis patients, and thus a standardized method for measuring the HRQOL is needed. Third, all responses to the questionnaire were voluntary, and therefore we cannot exclude the possibility of selection bias. Finally, a novel pathway of vitamin D through CYP11A1 has been described which has not yet been identified in its physiological role that perhaps may or may not contribute to renal status and quality of life through. [25] Despite these limitations, our study demonstrated the association between serum 25(OH)D and HRQOL in pre-dialysis CKD patients. Given that the serum 25(OH)D level can be easily identified in clinical practice and that treatment of vitamin D deficiency is simple and inexpensive, these results should be taken into consideration by clinicians in order to improve patient outcomes.
In conclusion, there was an independent and significant association between serum 25 (OH)D levels and the KDCS and MCS score in pre-dialysis CKD patients, but not between vitamin D levels and PCS score. 
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